Spontaneous pneumocephalus is an uncommon phenomenon that may develop in patients with occult skull base defects. There have been reports of pneumocephalus occurring spontaneously in the setting of continuous positive airway pressure (CPAP) use (1). Tension pneumocephalus represents a neurosurgical emergency where intracranial air is trapped with increasing pressures resulting in
2 neurological deterioration (2) . Previous literature has also documented the growing understanding of how obesity, elevated intracranial pressure (ICP), obstructive sleep apnea (OSA), and cortical skull thinning are associated with spontaneous tegmen dehiscence and cerebrospinal fluid (CSF) leakage (3) . Other mechanisms for spontaneous CSF leak include aberrant arachnoid granulation, congenital skull base dehiscences, increased abdominal and thoracic pressure resulting in reduced cerebral venous drainage, and age-related cortical thinning. In this report, we present the case of a bilevel positive airway pressure Head magnetic resonance imaging (MRI) and computed tomographic (CT) examination demonstrated classic tension pneumocephalus and tegmen dehiscence on the right (Fig. 1, A-C) . The anterior skull base was intact (images not shown). The patient had no reported previous history of rhinorrhea, neurosurgical procedures, or significant head trauma. He underwent a right temporal craniotomy with extradural and intradural repair of the defect with autologous bone, muscle, and 3 pericranial grafts; no postoperative lumbar drain was used. The patient was eventually discharged home and discontinued use of his BiPAP.
One month later, the patient continued to have a large subcutaneous air collection at the surgical site and repeat CT scanning demonstrated air tracking through persisting dehiscent areas of the right tegmen intracranially and into the extracranial soft tissues. Squamous temporal bone measurements using techniques outlined by a previous study (3) demonstrated cortical skull thinning with an average thickness of 2.27 mm (Fig. 1D) ; this value is within the confidence interval of similar spontaneous CSF leak patients in that study (3.29 ± 0.68 mm in obese spontaneous CSF leak patients versus 4.25 ± 0.58 mm in obese patients without CSF leak; p < 0.0001). The patient subsequently underwent revision craniotomy where persisting tegmen and dural defects without encephalocele were noted and repaired; again no postoperative lumbar drain was used. Postoperative CT 3 weeks later showed complete resolution of pneumocephalus ( Fig. 2A) and satisfactory bone grafting of the skull base (Fig. 2B) . Six months after this revision, the patient has resumed BiPAP use (Exhalational PAP 6-15 cm H2O, Pressure Support 0-15 cm H2O) without recurrent pneumocephalus. Persistent anosmia is the only long-term sequelae the patient has experienced.
DISCUSSION
This case is the first reported case of tension pneumocephalus in a patient with a skull base dehiscence and likely CSF leak related to use of BiPAP. Spontaneous CSF leaks are increasing in prevalence (4) and are associated with obesity and OSA. We think one potential mechanism for the development of spontaneous CSF leaks is increased ICP during apnea episodes in OSA. Imaging features of chronically elevated ICP include empty sella, enlarged Meckels' cave, and papilledema. Interestingly, many patients with spontaneous CSF leaks do not demonstrate these image findings. It is possible that transient spikes in ICP during apneas may play a role in spontaneous CSF leaks. While the exact pathophysiology of spontaneous CSF leaks is unknown, we have previously documented a relationship between spontaneous CSF leaks, OSA, and thinning of the calvarium (3) and 37% of patients with 4 spontaneous CSF leaks had OSA (4). We think that it is important to raise awareness of the relationship between these factors because as the incidence of obesity and OSA continue to rise, so too will the rate of associated conditions such as spontaneous CSF leaks and pneumocephalus. The fact that even minimal PAP settings result in supraphysiologic middle ear pressure places these patients at risk of developing tension pneumocephalus (5) . It is also important to realize that surgical repair of the skull base may allow for CPAP/BiPAP resumption in OSA. As many as 50% of patients have been found to have multiple skull base defects. Thus, even with successful surgical repairs, it is important to recognize that these patients remain at risk of developing recurrent pneumocephalus from secondary sites of dehiscence and CSF leaks.
